

SPECIFICATION 



Preparation for transmucosal administration 
containing physiologically active peptide 



FIELD OF THE INVENTION 

The present invention relates to a preparation of peptide 
for transmucosal administration containing, at least, absorption 
promotor having absorption promoting action for the physiologically 
active peptide on nasal mucosa or rectal mucosa and a compound 
having vasodilative action. More particularly, the present invention 
relates to such the preparation of peptide for transmucosal 
administration having useful effects on medical care by absorbing 
the physiologically active peptide effectively through mucosa. 

PRIOR ARTS 

Physiologically active peptide such as insulin and calcitonin 
are conventionally administered in the form of injections. However, 
administration by the injections requires patients on ambulaltory 
care with pain, and a preparation which can be administered by 
self-medication is desired. 

Oral administration of the physiologically active peptides, 
which are poorly absorbed from digestive tract, involves decompo- 
sition of peptide by proteinase and first-pass effect in the 
liver, and has been of no practical use. 

Recently, there have been many attempts to solve these 
problems for increasing absorption through nasal mucosa or rectal 
mucosa using preparations for transmucosal administration with 



various absorption promotors. 

Nasal administration preparation with an absorption promotor 
has been tried, and such nasal administration preparations utilizing 
a salts of cholic acid having surface active agent action, for 
example sodium taurocholic acid, sodium cholic acid, sodium 
deoxycholic acid, sodium chenodeoxycholic acid, lysine chenodeoxychol ic 
acid, sodium glycocholic acid, sodium glycodeoxycholic acid and 
lysine taurocholic acid (Japanese Patent Unexamined Publication 
No. 59-130820. EP-A-115, 627, Japanese Patent Unexamined Publication 
No. 1-228919 and U. S. Patent 5,149,537), cation surface active 
agent, for example ethyleneoxide additive long chain amine condensate 
and qurternary ammonium compounds such as cetyltrimethylammonium 
bromide or dodecylmethylammonium bromide, anion surface active 
agent, for example salt of alkylbenzene sulfonate, salt of 
N-acyl-n-alkyl tauric acid and salt of or-olef insulfonate, or 
non-ionic surface active agent, for example polyoxyalkylene higher 




alcohol ether and polyalkylene alky 1 phenols (Japanese Patent 
Unexamined Publication No. 4-247034) have been reported. 



A preparation for transmucosal administration using absorption 
promotors acting through nasal mucosa or rectal mucosa, for example 
salt of glycyrrhizic acids such as diammonium glycyrrhizic acid 
and alkaline salt of glycyrrhizic acid (mono- or di-sodium, or 
mono- or di-potassium salt) (Japanese Patent Unexamined Publication 
No. 2-42027 and ibid. No. 3-5427). cyclodextrins such as 
a-cyclodextrin. /3-cyclodextrin. r-cyclodextrin, mono- or 
di-methylated cyclodextrin ( a-, $- or 7-) (Japanese Patent 
Unexamined Publication No. 58-189118 and EP-A-No. 94157), 0-acyl- 
L-carni tines having acyl of C 8 - i a (Japanese Patent Unexamined 
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Publication No. 63-10735 and EP-A-No. 215697), or chelating agents, 
polyacrylate gel and sodium capric acid (U. S. Patent 4.476,116) 
has been reported. 

Azacycloalkane derivatives of the formula Cl) 
O 
C 



(CH 2 ) m-N- (CH 2 ) n-S-R 
wherein R is an alkyl, m is an integer of 2-4 and n is 
an integer of 1 - 15, provided that R is an alkyl with a 
carbon number of 5-11 in case where n is 1-3 was known 
as the superior absorption promotor (Japanese Patent Unexamined 
Publication No. 62-238261). 

Examples of absorption promo tors such as cholic acids and 
fusidic acid derivatives are known [J. Japan. Diab. Soc. . 20 (2); 
146 - 152, 1977, Proc. Natl. Acad. Sci.. U.S.A. 82 (21); 7419 - 7423, 
1985 and Pharm Res., 9(1); 52 - 57. 1992]. However these 
preparations are not satisfactory due to inferior absorbability 
and local irritation and are yet practically employed. Accordingly, 
superior absorbability of peptide is a key to the practical use. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

The present invention relates to a preparation for 
transmucosal administration having superior absorbability of 
physiologically active peptide through nasal mucosa, oral mucosa, 
pulmonary mucosa, rectal mucosa, vaginal mucosa, ocular mucosa and 
digestive tract mucosa in order to exhibit sufficient pharmacological 
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effects, without detrimental action on mucosa. 

MEANS FOR SOLVING THE PROBLEMS 

We have found that, as a result of extensive studies for 
development of preparation for transmucosal administration containing 
physiologically active peptide with superior absorbability and 
safety and less side-effect, a combination of the known absorption 
promotor and the vasodilator such as calcium channel blocker or 
prostaglandin El, isosorbide dinitrateor nitroglycerin showed 
unexpectedly improved increased absorbability. The present invention 
has been completed by the above facts. 

An object of the present invention is to provide a 
preparation for transmucosal administration containing physiologically 
active peptide comprising of a combination of physiologically 
active peptide and a known absorption promotor and a vasodilator. 
This is a completely unexpected result presumed from the prior 
arts because of being known nothing or few activity of vasodilator 
on absorption promoting action through mucosa. 

The absorption promotor used in the present invention is 
a general term for changing biomembrane permeability, increasing 
up absorbalility and increasing up bioavailability of the drugs, 
and has promoting action for absorption of physiologically active 
peptide on nasal mucosa or rectal mucosa. The absorption 
promotor used in the present invention exhibits improvement in 
absorbability at above 200 %, preferably above 500 %, in case 
of physiologically active peptide insulin absorption from nasal 
mucosa or rectal mucosa as compared with absorbability without 
such the absorption promotor. 
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Examples of the absorption promotor are known absorption 
promotor having absorption promoting action for physiologically 
active peptide on nasal mucosa or rectal mucosa. Such the 
examples are compound having surface active agent action, for example 
sodium taurocholic acid, sodium cholic acid, sodium deoxycholic 
acid, sodium chenodeoxycholic acid, lysine chenodeoxychol ic acid, 
sodium glycocholic acid, sodium glycodeoxycholic acid and lysine 
taurocholic acid, cation surface active agent, for example 
ethyleneoxide additive long chain amine condensate and tertiary 
ammonium compounds such as cetyltrimethylammonium bromide or 
dodecyl methyl ammonium bromide, anion surface active agent, for 
example salt of alkylbenzene sulfonate, salt of N-acyl-n-alkyl 
tauric acid and salt of a-olef insulfonate, non-ionic surface 
active agent, for example polyoxyalkylene higher alcohol ether and 
polyalkylene alkylphenols, salt of glycyrrhizic acids such as 
diammonium glycyrrhizic acid and alkaline salt of glycyrrhizic acid 
(mono- or di-sodium, or mono- or di-potassium salt), cyclodextrins 
such as <z-cyclodextrin, /3-cyclodextrin, 7-cyclodextrin. mono- 
or di-methylated cyclodextrin (a-, /3- or 7-), O-acyl-L- 
carni tines having acyl of C 8 -is , or chelating agents, polyacrylate 
gel and sodium capric acid. 

Further preferable examples of absorption promotors are. for 
example one or more compound selected from the group consisting 
of salt of cholic acid, salt of fusidic acid, salt of glycyrrhizic 
acid, salt of O-acyl-L-carnitin, phospholipids, non-ionic surface 
active agents, cyclodextrins, higher fatty acids, l-alkyl-2-pyrrolidone 
derivatives. 1-dodecylazacyclo heptane-2-one (Azone), bacitracin, 
sodium azulene sulfonic acid and azacycloalkane derivatives of 
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the formula C 1 ) 



O 




(1) 



(CH 2 ) m-N- (CH 2 ) n-S-R 
wherein R is an alkyl. m is an integer of 2-4 and n is 
an integer of 1 - 15. provided that R is an alkyl with a 
carbon number of 5-11 in case wherein n is 1-3. 

Examples of cholic acid salts are one or more compounds 
selected from the group consisting of sodium taurocholic acid, 
sodium glycocholic acid and sodium deoxycholic acid. 

Examples of fusidic acid salts are one or more compounds 
selected from the group consisting of sodium fusidic acid and 
sodium tauro 24, 25-dihydrofusidic acid. 

Examples of glycyrrhizic acid salts are one or more compounds 
selected from the group consisting of sodium glycyrrhizic acid 
and sodium 3-succinyloxyglycyrrhizic acid (carbenoxolon). 

Examples of O-acyl-L-carnitin salts are, for example 
O-acyl-L-carnitins of acyl C 8 -i8. preferably O-octanoyl-L-carnitin 
hydrochloride, O-lauroyl-L-carnitin hydrochloride and O-palmitoyl-L- 
carnitin hydrochloride. 

Examples of phospholipids are one or more compounds selected 
from the group consisting of phosphatidylcholine (lecithin), 
lysophosphatidyl choline (lysolecithin) and lysophosphatidylglycerol. 

Examples of non-ionic surface active agents are one or more 
compounds selected from the group consisting of polyoxyalkylene 
higher alcohol ethers, polyoxyalkylene alkylphenols and sucrose fatty 



- 6 - 



acid esters, and are preferably polyoxyethylene (9) lauryl ether 
(Laureth-9) and polyoxyethylene (24) cholesterylether (Choleth-24). 

Examples of cyclodextrins are one or more compounds selected 
from the group consisting of a-cyclodextrin. /8-cyclodextrin, 
7-cyclodextrin, and di-methyl- /3-cyclodextrin. 

Examples of higher fatty acids are one or more compounds - 
selected from the group consisting of C 16-20 fatty acids and 
are preferably higher C is unsaturated fatty acid of oleic acid, 
linoleic acid and lino-lenic acid. 

Examples of l-alkyl-2-pyrrolidone derivatives are one or 
more compounds selected from the group consisting of compound 
having C 4-12 alkyl which are one or more compounds selected 
from the group consisting of butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl. undecyl and dodecyl. 

Examples of R in azacycloalkane derivative C 1 ) are 
straight or branched alkyl such as methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, 
nonadecyl or eicodecyl, and preferably 1 - [2-(decylthio) ethyl] 
azacyclopentane-2-one (generic name: pyrothiodecane. oily substance), 
wherein R is C 10 alkyl, m is 2 and n is 2 in the formula 
Cl) . 

Any compounds having absorption promoting activity on mucosa 
can be included in the present invention, and are not limited 
in the above. 

Absorption promotor used in the present invention is preferably 
high safety and is 1- [2-(decylthio) ethyl] azacyclopentane-2-one, 
glycocholic acid, lysolecithin or sodium azulene sulfonic acid. 
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The most preferable absorption promotor used in preparation 
for transmucosal administration of the present invention is 
1 - [2-(decylthio) ethyl] azacyclopentane-2-one or lysolecithin. 
Amount of these compounds in the preparation is 0.01-5 weight %. 

Emulsion containing azacycloalkane derivative of the formula 
(1 ) . preferably 1 - [2-(decylthio) ethyl] azacyclopentane-2-one, 
preferably contains 0.01 - 10 % (w/v). preferably 0. 1 - 5 % (w/v) 
of glycyrrhizin or salt thereof, such as 2-potassium salt. 

Vasodilators used in the present invention are compound 
of molecular weight 200 - 700 such as calcium channel blocker. 
Generally, calcium channel blocker shows vasodilating action and 
prolonged action of atrioventricular conduction time by suppressing 
influx of Ca into cells to show effect on hypertension and 
arrhythmia and is used for treatment of various circulatory diseases. 

Examples thereof are benzodiazepine derivative such as 
diltiazem hydrochloride, phenylalkylamine derivative such as verapamil 
hydrochloride and bepridil hydrochloride, dihydropyridine derivative 
such as nifedipine hydrochloride, nicardipine hydrochloride and 
nimodipine hydrochloride, piperazine derivative such as cinnarizine 
and flunarizine and fasudil hydrochloride. 

Other strong vasodilators are isosorbide dinitrate, nitroglycerin 
and prostaglandin El. Isosorbide dinitrate and nitroglycerin have 
been used in the form of injection, peroral and tape preparation 
for treatment of ischemic heart disease and angina. Mechanisms 
of action thereof are direct action on vascular smooth muscles 
to show vasodilating action, and are to expand coronary artery 
to reduce coronary resistance as well as to expand collateral 
pathway to increase oxygen supply in ischemic cardiac muscle to 
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improve cardiac function. Prostaglandin El has strong vasodilating 
activity and platelet aggregating inhibitory activity and is 
clinically used for treatment of hemostatic ulcer complicated with 
chronic arterial occulsive disease. 

Vasodilator used in the present invention are not limited 
within the scope hereinabove, and any compounds having vasodilating 
action can be used in the present invention. 

Compound having vasodilating activity used in the present 
invention is generally commercially available pharmaceuticals used 
for treatment of circulatory diseases, and is added in preparation 
for local administration in mucosa. In this case, amount of 
addition of vasodilator as an additive is not limited if such 
vasodilator shows effective absorption of physiologically active 
peptide, and is preferably below 1/2 amount of minimum effective 
dose of the vasodilator, more preferably below 1/5 amount. For 
example, a minimum usual dose of diltiazem hydrochloride is 10 mg 
and is preferably used as an additive of the present invention 
below 1/2 amount thereof, more preferably below 1/5 amount. 
A minimum usual dose of prostaglandin El injection is 20 /zg, 
and is preferably used as an additive of the present invention 
below 1/2 amount (10 #g) thereof and more preferably below 1/5 
amount (4 //g). Minimum limited amount may be above 0.1 ug, 
preferably above \ ug in a dosage regimen. 

Physiologically active peptide used in the present invention 
are peptide consisting of more than 3 amino acids, of which 
molecular weight about 300 - 10,000. Examples of the peptide are 
insulin, calcitonin, human PTH (1 -34), calcitonin gene related 
peptide (CGRP), angiotensin II, vasopressin, desmopressin acetate, 
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buserelin acetate, goserelin acetate, nafarelin acetate, leuprorelin 
acetate, somatostatin, glucagon, oxytocin, secretin, LH - RH, ACTH. 
TRH, TSH. ANP or derivatives containing synthetic or semisynthetic 
compound thereof. 

Calcitonin includes, for example natural calcitonin such 
as eel calcitonin, salmon calcitonin, human calcitonin, porcine 
calcitonin and chicken calcitonin, and semisynthetic calcitonin such 
as ASU 1-7 eel calcitonin (elcatonin) or ASU 1-7 chicken calcitonin. 
Examples of insulin are human insulin, porcine insulin or bovine 
insulin. 

Most preferable peptides used in the present invention are 
elcatonin and human insulin. 

Formulation of the preparation for transmucosal administration 
of the present invention is explained hereinbelow. 

Amount of physiologically active peptide in the preparation 
of the present invention can be selected by an activity of the 
peptide and necessity of dosage amount, and depends on absorbability 
of the peptide from nasal mucosa. For example, preferable 
concentration of aqueous preparation of physiologically active 
peptide in the preparation for transmucosal administrationis 0.000001 - 
5 % (w/v) and more preferably 0.00001 - 1% (w/v). 

The preparation for transmucosal administration of the 
present invention can be applied on nasal mucosa, oral mucosa, 
pulmonary mucosa, rectal mucosa, vaginal mucosa and ocular mucosa. 
In the preparation, formula can be a solution, solid or semi- 
solid form, and is preferably aqueous preparation for spray or 
drop, or suppositories. Aqueous or suppository preparation contains 
water soluble or oily base ingredients such as distilled water. 
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glycerin, propylene glycol, Witepsol, cacao butter, soybean oil, 
neutral fatty acid triglyceride or polyvinylpyrrolidone. 

Aqueous preparation can be prepared by containing 
physiologically active peptide, one or more absorption promotors 
selected from the above and one or more vasodilators selected 
from the above, and if required adding suitable amount of pH 
adjusting agent, tonicity agents, preservatives, stabilizers, 
solubilizers or emulsifiers, and solubi 1 i zing or emulsifying 
thereof with addition of suitable amount of distilled water to 
prepare solution or emulsion. If stability is ^required, solid 
preparation can be prepared by lyophi 1 ized or spray dried. 

A pH of the preparation can be selected not to affect 
stability of physiologically active peptide, within less damage 
to nasal mucosa and without precipitation. Preferable pH is 
generally pH 4 - 8. Examples of pH adjusters are sodium hydroxide, 
potassium hydroxide, sodium carbonate, sodium hydrogen carbonate, 
hydrochloric acid, sulfric acid or buffers such as phosphate, 
acetate, lactate or citrate. Osmotic pressure is preferably isotonic. 

Examples of tonicity agent are glycerin, sodium chloride, 
manitol and glucose. Pharmacologically acceptable preservatives 
can be used. Example thereof are methyl parahydroxybenzoate, 
ethyl parahydroxybenzoate, propyl parahydroxybenzoate, butyl 
parahydroxybenzoate, benzalkonium chloride, benzethonium chloride, 
phenylethyl alcohol, chlorobutanol, phenol, cresol, thimerosal, 
dehydroacetic acid and sorbicacid. Preferable concentration of 
the preservatives depends on the selected preservative and is 
0. 01 % - 2 % (w/v). 

Production of preparation of the present invention can 
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be performed by conventional means. Aqueous preparation can be 
prepared, for example by adding water for injection to insulin, 
lysoleci thin, prostaglandin El and additives hereinbefore with 
stirring to solubilize, and adjusting pH by adding pH adjuster 
such as sodium hydroxide or hydrochloric acid. The solution is 
filtered aseptically through, for example 0.22 um membrane 
filter, and is filled in vials (Sanvagon Corp, U-SAVE) to prepare 
aqueous preparation. 

Dosage depends on a purpose of administration. Preparation 
for nasal administration can be administered in human using 
constant sprayer (0.05 - 0. 1 ml per one pushing) into one side or 
both nasal cavity, 1 - 3 times in a day. 

Preparation for administration through rectal mucosa or vaginal 
mucosa can be prepared by adding necessry amount of Witepsol, 
cacao butter, macrogol, propylene glycol or glycerin. 

Administration route of the preparation of the present 
invention is in general performed by spray drying into mucosa 
for systemic action. The preparation of the present invention 
adheres to the wide area of mucosa and is completely permeate 
through mucosa to distribute peptide systemically. Accordingly, 
the preparation containing peptide for transmucosal administration 
of the present invention has no problems of pains in patients 
caused by injection, and auto-administration can be possible. 

Also the preparation can be prepared for transmucosal 
administration through nasal mucosa, pulmonary mucosa, rectal mucosa, 
vaginal mucosa and ocular mucosa. 
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BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 : Profile of serum levels after nasal administration 
of elcatonin. 

Fig. 2 : Absorption ratio (%) on subcutaneous injection of 
elcatonin (AUC). 

Fig. 3 : Profile of serum levels after nasal administration 
of human insulin. 

Fig. 4 : Profile of serum levels after nasal administration 
of human insulin. 

Fig. 5 : Profile of serum levels after nasal administration 
of LH - RH. 

EMBODIMENTS OF THE INVENTION 

Following examples and referential examples illustrate the 
present invention but are not construed as limiting. Further 
following experimental examples illustrate effect of the present 
invention. 

REFERENTIAL EXAMPLE 1 

Sodium glycocholic acid (SGC : Sigma Corp., U.S.A.) 5 mg 
was dissolved in isotonic phosphate buffer solution pH 6.0, 

1 ml. The solution 1 ml was added in elcatonin 400 units/vial 
(lyophilized) to prepare elecatonin 400 units/ml solution (control 1). 

REFERENTIAL EXAMPLE 2 

Diltiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg 
was dissolved in isotonic phosphate buffer solution pH 6.0, 

2 ml. The solution 1 ml was added in elcatonin 400 units/vial 
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Clyophi 1 i zed) to prepare elecatonin 400 units/ml solution (control 2). 
EXAMPLE 1 

Diltiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg 
was dissolved in 0.5 % sodiuim glycocholic acid aqueous solution 
(pH 6.0 isotonic phosphate buffer solution) 2 ml to prepare 
solution containing 0.5% SGC and 0.5% DTZ. The solution 1ml 
was added in elcatonin 400 units/vial (lyophilized) to prepare 
elecatonin 400 units/ml solution. 

EXAMPLE 2 

Verapamil hydrochloride (VP : Sigma Corp., U.S.A.) 10 mg 
was dissolved in 0.5 % sodiuim glycocholic acid solution 2 ml, 
which was prepared by dissolving previously N-vinyl-2-pyrrolidon 
(Wako Pure Chem. Co., Japan) 50 mg and sodium glycocholic acid 
(SGC : Sigma Corp., U.S.A.) 5 mg in isotonic phosphate buffer pH 
6.0, 1 ml, to prepare solution containing 0.5 % SGC and 0.5 % 
VP. The solution 1 ml was added in elcatonin 400 units/vial 
(lyophilized) to prepare elecatonin 400 units/ml solution. 

EXAMPLE 3 

Bepridil hydrochloride (BP : Sigma Corp., U.S.A.) 10 mg was 
dissolved in 0.5% sodiuim glycocholic acid solution 2 ml, which 
was prepared by dissolving previously N-vinyl-2-pyrrolidon (Wako 
Pure Chem. Co., Japan) 100 mg and sodium glycocholic acid (SGC : 
Sigma Corp., U.S.A.) 5 mg in isotonic phosphate buffer solution 
pH 6.0, 1 ml. to prepare solution containing 0.5 % SGC and 
0.5 % BP. The solution 1 ml was added in elcatonin 400 units/vial 
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(lyophilized) to prepare elecatonin 400 units/ ml solution. 
EXAMPLE 4 

Fusidil hydrochloride (FS : Asahi Chem. Co., Japan) 10 mg was 
dissolved in 0.5 % sodiuim glycocholic acid aqueous solution 
(pH 6.0 isotonic buffer solution) 2 ml to prepare solution containing 
0.5 % SGC and 0.5 % FS. The solution 1 ml was added in elcatonin 
400 units/vial (lyophilized) to prepare elecatonin 400 units/ml 
solution. 

EXPERIMENT 1 

In vivo absorption of elcatonin by rats : 
[in vivo experiment] 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), 
fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised 
in the corvex. Tube was inserted into postnasal space after 
esophageal incision. Administration was conducted by pouring drug 
solution 25 n\ prepared in use using micropipette into the 
right naris. Blood sample 200 u\ was collected from femoral 
vein time dependently before and after administration of drug. 
Blood sample was centrifuged (15,000 rpm/10 min. /5°C) and stored 
at -30 °C before analysis. 

Elcatonin 20 units/ml (in physiological saline) 0.25 ml was 
subcutaneously administered for comparison with absorption rate 
(comparison 1). 
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QUANTITATIVE METHOD 

Blood level was assayed by RIA. 

RESULT 

Time dependent curve of serum elcatonin is shown in Fig. 1. 

Significant increase in serum elcatonin level was observed 
in the administration group ( A-A) in example 1, in which 
elcatonin, 0.5% sodium glycocholic acid and 0.5% diltiazem 
hydrochloride were added, as compared with control group 1 
containing elcatonin and 0.5 % sodium glycocholic acid ( ■— ■). 
About 3.6 folds increase in elcatonin absorption through nasal 
mucosa were observed by comparing area under the curve (AUC) 
of the experimental group with the control 1. Almost no 
absorption through nasal mucosa was observed in the administered 
group of control 2 (•-#) containing elcatonin and diltiazem 
hydrochloride. Therefore, diltiazem hydrochloride per se has no 
absorption promoting action. In conclusion, combination of 
absorption promotor sodium glycocholic acid and diltiazem 
hydrochloride, a vasodilator of calcium blocker, shows excellent 
absorption promoting action. Further, administration group of 
varapamil hydrochloride (Fig. 1, 0~0). bepridi 1 hydrochloride 
(Fig. 1. A- A) and fasudil hydrochloride (Fig. 1, □-□) in 
example 2, 3 and 4 showed increased absorption as same as of 
in diltiazem hydrochloride. 

Fig. 2 shows increased absorption promoting action of various 
calcium channel blockers. 

Absorption rate is calculated by using area under the . 
curve (AUC) in the comparison 1 from the following equation. 
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AUC (I.N.) 



dose (S.C.) 



Absorption rate (%) = 



x 



xiOO 



AUC (S.C.) dose (I.N.) 
wherein I. N. : nasal administraion and S.C. : subcutaneous 
administration. As clearly shown in Fig. 2, absorption of elcatonin 
was enhanced in above 2 fold through nasal mucosa by administering 
with absorption promotor sodium glycocholate and calciuim channel 
blocker as compared with sodium glycocholic acid per se. 

REFERENTIAL EXAMPLE 3 

A r-human insulin (gene manipulation product from yeast : 
specific activity 26 units/mg : Boehringer Mannheim Co., Germany) 
10 units/vial (lyophilized) was dissolved in isotonic phosphate 
buffer solution pH 7.4, 1 ml to prepare human insulin solution 
10 units/ml (control 3). 

REFERENTIAL EXAMPLE 4 

L- a-lysolecithin (LPC : Sigma Corp., U.S.A.) 5 mg was 
dissolved in isotonic phosphate buffer solution pH 7. 4, 1 ml to 
prepare solution containing 0.5 % LPC. The solution 1 ml was 
added in r-human insulin 10 units/vial (lyophilized) to prepare 
r-human insulin 10 units/ml solution (control 4). 

EXAMPLE 5 

Diltiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg was 
dissolved in 0.5 % L-a-lysolecithin solution (isotonic phosphate 
buffer solution pH 6.0) 2 ml to prepare solution containing 0.5 
% LPC and 0.5% DTZ. The solution 1ml was added in r-human 
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insulin 10 units/vial (lyophilized) to prepare human insulin 10 
units/ml solution. 

EXAMPLE 6 

Prostaglandin R20 for injection (Prostaglandin El : PGE1 : 
Ono Pharm. Co.. Japan) 20 fig was dissolved in 0.5% L- a- 
lysoleci thin (LPC) solution (isotonic phosphate buffer solution 
pH 7.4) 2 ml to prepare solution containing 0.5 % LPC and 0.001 % 
PGE1. The solution 1 ml was added in r-human insulin 10 units/vial 
(lyophilized) to prepare human insulin 10 units/ml solution. 

EXPERIMENT 2 

In vivo absorption of insulin by rats : 
[in vivo experiment] 

Wistar rats, male (Japan SLC, body weight 200 - 250 g), 
fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dai nippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised 
in the corvex to maintain the trachea. Tube, edge of which was 
closed by cotton, was inserted into postnasal space after esophageal 
incision in order to prevent leak of drug solution from the nasal 
cavity to the esophagus. Administration was conducted by pouring 
drug solution 25 #1 prepared in use usingmicropipette into the 
right naris. Blood sample 200 u\ was collected from the femoral 
vein time dependently before and after administration of drug. 
Blood sample was centrifuged (15, 000 rpm/10 min. /5°C) and stored 
at -30 °C before analysis. 
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QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent 
(Boehringer Mannheim Co.. Germany), an EIA of one step sandwitch 
method using 2 types of monoclonal antibody. 

RESULT 

Time dependent curve of serum insulin concentration is 
shown in Fig. 3. In Fig. 3, insulin solution administered group, 
control 3 (•-•), shows almost no absorption through the nasal 
mucosa. Significant increase in absorption was observed in a 
group added with insulin, 0.5% diltiazem hydrochloride and 
0.001 % PGE1 as compared with a group of control 4 (O-O) 
added with insulin and 0.5% L-a-lyso-lecithin (LPC). Area under 
the curve (AUC) of administered group of the preparation in 
example 5 (■-■) added with 0.5 % diltiazem hydrochloride and 
that of the preparation in example 6 (A- A) added with 0.001 % 
PGE1, increased about 1.7 fold and 1.8 fold, respectively, in 
absorption of insulin through the nasal mucosa. 

EXAMPLE 7 

In 1 ml of preparation for transmucosal administration : 



1. elcatonin 1000 units 

2. sodium glycocholic acid 5 mg 

3. diltiazem hydrochloride 5 mg 

4. glycerin 22 mg 

5. methyl parahydroxy benzoic acid 1 mg 



6. hydrochloric acid/sodium hydroxoide 
ad libitum for adjusting to pH 5.5 
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7. water for injection total 1 ml 

The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 /zm membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains elcatonin 1000 units/ml and constant spray 
administration of 100 units of elcatonin can be performed by one 
pushing on adaptor. 




EXAMPLE 8 

In 1 ml of preparation for transmucosal administration : 

1. elcatonin 1000 units 

2. L- a-lysolecithin 5 mg 

3. prostaglandin El 10 /zg 

4. glycerin 22 mg 

5. methyl parahydroxy benzoic acid 1 mg 

6. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 5.5 

7. water for injection total 1 ml 

The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 urn membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains elcatonin 1000 units/ml and constant spray 
administration of 100 units of elcatonin can be performed by one 
pushing on adaptor. 



-20- 




EXAMPLE 9 

In 1 ml of preparation for transmucosal administration : 

1. elcatonin 1000 units 

2. L- a-lysolecithin 5 mg 

3. isosorbide dinitrate 0.1 mg 

4. glycerin 17. 6 mg 

5. D-sorbitol 10 mg 

6. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 5.5 

7. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 //m membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains elcatonin 1000 units/ml and constant spray 
administration of 100 units of elcatonin can be performed by one 
pushing on adaptor. 



EXAMPLE 10 



In 1 ml of preparation for transmucosal administration : 

1. r-human insulin 100 units 

2. sodium glycocholic acid 5 mg 

3. diltiazem hydrochloride 5 mg 

4. glycerin 22 mg 

5. methyl parahydroxy benzoic acid 1 mg 

6. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

7. water for injection total 1 ml 
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The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 urn membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 




EXAMPLE 11 

In 1 ml of preparation for transmucosal administration : 

1. r-human insulin 100 units 

2. L- a-lysolecithin 5 mg 

3. prostaglandin El 10 /zg 

4. glycerin 22 mg 

5. benzalkonium chloride 0. 1 mg 

6. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

7. water for injection total 1 ml 

The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 #m membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 



EXAMPLE 12 

In 1 ml of preparation for transmucosal administration : 
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1. r-human insulin 100 units 

2. L- a-lysolecithin 5 mg 

3. isosorbide dinitrate 0.1 mg 

4. glycerin 17. 6 mg 

5. benzalkonium chloride 0. 1 mg 

6. D-sorbitol 10 mg 

7. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

8. water for injection total 1 ml 

The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 urn membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 



REFERENTIAL EXAMPLE 5 

A solution containing pyrothiodecane (l-[2-(decylthio)ethyl]- 
azacyclopentane-2-one (Hisamitsu Pharm. Co., Japan) 5 mg as an 
absorption promotor. dipotassium glyclyrrhizic acid 10 mg as an 
emulsifier and glycerin 22 mg as an isotonic agent in distilled 
water was prepared and homogenized by means of ultrasonication, 
a solution of which was adjusted by adding 1 N sodium hydroxide 
to pH 6.0. A volume of the solution was adjusted to measure 
up to 1 ml to prepare 0. 5 % pyrothiodecane solution. The solution 
thereof 1 ml was added in r-human insulin 10 units/vial Clyophi lized) 
to prepare liquid preparation of human insulin 10 units/ml (control 5). 
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REFERENTIAL EXAMPLE 6 

A solution containing prostaglandin El (PGE1 : prostaglandin 
R20 for injection, Ono Pharm. Co., Japan) 0.05 mg and glycerin 
25. 7 mg as anisotonic agent in distilled water, was prepared and 
adjusted to pH 6.0 by adding lN-sodium hydroxide. The solution 
was measured up to 1 ml to prepare 0.005 % PGE1 solution. The 
solution 1 ml was added in r-human insulin 100 units/vial 
(lyophilized) to prepare liquid preparation of insulin 10 units/ml 
(control 6). 

EXAMPLE 13 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier, 
glycerin 22 mg as an isotonic agent and vasodilator prostaglandin 
El (PGE1 : prostaglandin R20 for injection) 0.01 mg in distilled 
water was prepared and homogenized by means of ulltrasonication, 
a solution of which was adjusted by adding 1 N sodium hydroxide 
to pH 6.0. A volume of the solution was adjusted to measure 
up to 1 ml to prepare 0.5 % pyrothiodecane and 0.001 % PGE1 
solution. The solution thereof 1 ml was added in r-human insulin 
10 units/vial (lyophilized) to prepare liquid preparation of human 
insulin 10 units/ml. 

EXAMPLE 14 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier, 
glycerin 17. 6 mg as an isotonic agent and vasodilator isosorbide 
dinitrate (ISDN : Nitorol inj. . Eizai Co., Japan) 0.1 mg in 
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distilled water was prepared and homogenized by means of 
ulltrasonication, a solution of which was adjusted by adding 1 N 
sodium hydroxide to pH 6.0. A volume of the solution was adjusted 
to measure up to 1 ml to prepare 0.5 % pyrothiodecane and 0.01 % 
ISDN solution. The solution thereof 1 ml was added in r-human 
insulin 10 units/vial (lyophilized) to prepare liquid preparation 
of human insulin 10 units/ml. 

EXAMPLE 15 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier, 
glycerin 13. 2 mg as an isotonic agent and vasodilator isosorbide 
dinitrate (ISDN : Nitorol inj., Eizai Co., Japan) 0.2 mg in distilled 
water was prepared and homogenized by means of ulltrasonication, 
a solution of which was adjusted by adding 1 N sodium hydroxide 
to pH 6.0. A volume of the solution was adjusted to measure 
up to 1 ml to prepare 0.5 % pyrothiodecane and 0.02 % ISDN solution. 
The solution thereof 1 ml was added in r-human insulin 10 units/ 
vial (lyophilized) to prepare liquid preparation of human insulin 
10 units/ml. 

EXAMPLE 16 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier, 
glycerin 17.6 mg as an isotonic agent and vasodilator nitroglycerin 
(Millisrol inj., Nippon Kayaku Co., Japan) 0.1 mg in distilled 
water was prepared and homogenized by means of ulltrasonication, 
a solution of which was adjusted by adding 1 N sodium hydroxide 
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to pH 6.0. A volume of the solution was adjusted to measure 
up to 1 ml to prepare 0.5 % pyrothiodecane and 0.01 % nitroglycerin 
solution. The solution thereof 1 ml was added in r-human insulin 
10 units/vial (lyophilized) to prepare liquid preparation of human 
insulin 10 units/ml. 

EXPERIMENT 3 

In vivo absorption of insulin by rats (2) : 
[in vivo experiment] 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), 
fasting overnight. 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised 
in the corvex to maintain the trachea. Tube, edge of which was 
closed by cotton, was inserted into postnasal space after esophageal 
incision in order to prevent leak of drug solution from the nasal 
cavity to the esophagus. Administration was conducted by pouring 
drug solution 25 /zl prepared in use using micropipette into the 
right naris. Blood sample 200 u\ was collected from the femoral 
vein time dependently before and after administration of drug. 
Blood sample was centrifuged (15.000 rpm/10 min. /5°C) and stored 
at -30 °C before analysis. 

QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent 
(Boehringer Mannheim Co., Germany), an EIA of one step sandwitch 
method using 2 types of monoclonal antibody. 
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RESULT 



Time dependent curve of serum insulin concentration is 
shown in Fig. 4. In Fig. 4, insulin solution administered group, 
control 3 (•—#), shows almost no absorption through the nasal 
mucosa. Similarly, a solution containing insulin and 0.005 % PGE1 
(control 6) administered group (O— O) shows almost no absorption. 
Significant increase in absorption of insulin from nasal mucosa 
was observed in the group of the preparation of example 13 
(■-■) added with insulin, 0.5 % pyrothiodecane and 0.001 % 
PGE1, the group of the preparation of example 14 ( A — A) 
added with 0.01 % ISDN, the group of the preparation of example 
15 (□-□) added with 0.02% ISDN. and the group of the 
preparation of example 16 added with 0.01 % nitroglycerin (+ - +) 
as compared with the conventional preparation of the group of 
control 5 (A-A) containing insulin and 0.5% pyrothiodecane. 
Area under the curve (AUC ; 0 - 2 hr. ) of these administered 
groups of the preparation increased significantly about 1.7 fold. 
1.9 fold, 2.0 folds and 2.4 folds, respectively, as compared 
with the administered group of the control 6. 

EXAMPLE 17 

In 1 ml of preparation for transmucosal administration : 

1. r-human insulin 100 units 

2. pyrothiodecane 5 mg 



3. 



PGE1 



0. 005 mg 



4. 



dipotassium glycyrrhizic acid 



10 



5. 



glycerin 



22 



mg 



6. 



benzalkonium chloride 



0. 1 



mg 
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7. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

8. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 jam membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed by 
one pushing on adaptor. 

EXAMPLE 18 

In 1 ml of preparation for transmucosal administration : 

1. r-human insulin 100 units 

2. pyrothiodecane 5 mg 

3. PGE1 0.01 mg 

4. dipotassium glycyrrhizic acid 10 mg 

5. glycerin 22 mg 

6. benzalkonium chloride 0. 1 mg 

7. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

8. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 tim membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
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by one pushing on adaptor. 
EXAMPLE 19 

In 1 ml of preparation for transmucosal administration : 



1. r-human insulin 100 units 

2. pyrothiodecane 5 mg 

3. isosorbide dinitrate 0. 1 mg 

4. dipotassium glycyrrhizic acid 10 mg 

5. glycerin 17. 6 mg 

6. benzalkonium chloride 0. 1 mg 

7. D-sorbitol 10 mg 

8. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

9. water for injection total 1 ml 



The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 um membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 

EXAMPLE 20 

In 1 ml of preparation for transmucosal administration : 



1. r-human insulin 100 units 

2. pyrothiodecane 5 mg 

3. isosorbide dinitrate 0. 2 mg 

4. dipotassium glycyrrhizic acid 10 mg 
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5. glycerin 13. 2 mg 

6. benzalkonium chloride 0.1 mg 

7. D-sorbitol 20 mg 

8. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

9. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 jum membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 

EXAMPLE 21 



In 1 ml of preparation for transmucosal administration : 



1. 


r-human insulin 


100 units 


2. 


pyrothiodecane 


5 mg 


3. 


nitroglycerin 


0. 1 mg 


4. 


dipotassium glycyrrhizic acid 


10 mg 


5. 


glycerin 


17. 6 mg 


6. 


benzalkonium chloride 


0. 1 mg 


7. 


D-manni tol 


10 mg 


8. 


hydrochloric acid/sodium hydroxoide 






ad libitum for adjusting to pH 6.0 




9. 


water for injection total 


1 ml 



The preparation containing the above was prepared. The 
solution was filtered aseptically (0.22 urn membrane filter) and 
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packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 

REFERENTIAL EXAMPLE 7 

A solution containing isosorbide (ISDN : Nitorol inj. Eizai 
Co.. Japan) 0.1 mg and glycerin 25.7 mg an an isotonic agent in 
distilled water, was prepared and adjusted to pH 6.0 by adding 
1 N-sodium hydroxide. The solution was measured up to 1 ml to 
prepare 0.01 % ISDN solution. The solution 1 ml was added in 
luteinizing hormone-releasing hormone (LH - RH, Sigma Corp., U.S.A.) 
100 //g/vial (lyophilized) to prepare liquid preparation of LH - RH 
in 100/zg/ml (control 7). 

REFERENTIAL EXAMPLE 8 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier 
and glycerin 22 mg as an isotonic agent in distilled water was 
prepared and homogenized by means of ulltrasonication, a solution 
of which was adjusted by adding 1 N sodium hydroxide to pH 6.0. 
A volume of the solution was adjusted to measure up to 1 ml 
to prepare 0.5% pyrothiodecane solution. The solution thereof 
1 ml was added in luteinizing hormone-releasing hormone (LH - RH, 
Sigma Corp., U.S.A.) 100 /zg/vial (lyophilized) to prepare liquid 
preparation of LH - RH in 100/zg/ml (control 8). 
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I EXAMPLE 22 

A solution containing pyrothiodecane 5 mg as an absorption 
promotor, dipotassium glyclyrrhizic acid 10 mg as an emulsifier, 
glycerin 17. 6 mg as an isotonic agent and vasodilator isosorbide 
dinitrate (ISDN : Nitorol inj. . Eizai Co., Japan) 0. 1 mg in distilled 
water was prepared and homogenized by means of ulltrasonication, 
a solution of which was adjusted by adding 1 N sodium hydroxide 
to pH 6.0. A volume of the solution was adjusted to measure up 
to 1 ml to prepare 0.5 % pyrothiodecane and 0.01 % ISDN solution. 
The solution thereof 1 ml was added in luteinizing hormone-releasing 
hormone (LH - RH, Sigma Corp., U.S.A.) 100 /zg/vial (lyophilized) 
m to prepare liquid preparation of LH - RH in 100#g/ml. 

U EXPERIMENT 4 

m In vivo absorption of LH - RH by rats : 

It. [in vivo experiment] 

Wistar rats, male (Japan SLC, body weight 200 - 250 g), 

li i fasting overnight, 4 rats in a group, were anesthetized by 

%l pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised 
in the corvex to maintain the trachea. Tube, edge of which was closed 
by cotton, was inserted into postnasal space after esophageal 
incision in order to prevent leak of drug solution from the 
nasal cavity to the esophagus. Administration was conducted by 
pouring drug solution 10 x/g/0. 1 mg/kg prepared in use using 
micropipette into the right naris. Blood sample 200 i±\ was 
collected from the femoral vein time dependent ly beforeand after 
administration of drug. Blood sample was centrifuged 
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(15, 000 rpm/10 min./5 °C) and stored at -30 °C before analysis. 

QUANTITATIVE METHOD 

Blood level was assayed by using LH - RH assay reagent 
(Peninsula Corp. , U.S.A.), an competitive EIA method. 

RESULT 

Time dependent curve of serum LH - RH concentration is 
shown in Fig. 5. In Fig. 5, the administered group of control 7 
containing LH - RH and 0.01 % ISDN ( #-#) shows almost no 
absorption through the nasal mucosa. Significant increase in 
absorption was observed in a group added with LH - RH. 0.5% 
pyrothiodecane and 0.01 % ISDN of the present invention 
(■-■) as compared with a group of control 8 (A -A) 
containing conventional preparation of LH - RH and 0.5% 
pyrothiodecane. Area under the curve (AUC ; 0-2 hr. ) of the 
administered group of the present invention increased about 1.5 
fold as compared with the AUC of the control 8. 

EXAMPLE 23 

In 1 ml of preparation for transmucosal administration : 



1. 


LH - RH 


5 mg 


2. 


pyrothiodecane 


5 mg 


3. 


isosorbide dinitrate 


0. 1 mg 


4. 


dipotassium glycyrrhizic acid 


10 mg 


5. 


glycerin 


17.6 mg 


6. 


benzalkonium chloride 


0.1 mg 


7. 


D-sorbitol 


10 mg 
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8. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

9. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 urn membrane filter) and 
packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains LH - RH 5 mg/ml and constant spray administration 
of 0. 5 mg of LH - RH can be performed by one pushing on adaptor. 

REFERENTIAL EXAMPLE 9 

Isosorbide dinitrate (ISDN : Nitorol inj., Eizai Co., Japan) 
0. 2 mg was dissolved in isotonic phosphate buffer solution pH 
7.4, 1 ml to prepare solution to prepare a solution containing 
0.02% ISDN. The solution 1 ml was added in r-human insulin 
10 units/vial (lyophilized) to prepare human insulin 10 units/ml 
solution (control 9). 

EXAMPLE 24 

Isosorbide dinitrate (ISDN : Nitorol inj., Eizai Co., Japan) 

0. 1 mg dissolved in 0.5% L-a-lysolecithin solution (isotonic 
phosphate buffer solution pH 7.4) 1 ml to prepare solution 
containing 0.5% LPC and 0.01% ISDN. The solution 1ml was 

added in r-human insulin 10 units/vial (lyophilized) to prepare 
human insulin 10 units/ml solution. 

EXAMPLE 25 

Nitoroglycerin (Millisrol inj., Nihon Kayaku Co.. Japan) 0.1 mg 
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dissolved in 0.5% L-<2-lysolecithin solution (isotonic phosphate 
buffer solution pH 7.4) 1 ml to prepare solution containing 0. 5 % 
LPC and 0.01 % nitroglycerin. The solution 1 ml was added in r-human 
insulin 10 units/vial (lyophilized) to prepare human insulin 10 units/ml 
solution. 

EXPERIMENT 5 

In vivo absorption of insulin by rats (3) : 
[in vivo experiment] 

Wistar rats, male (Japan SLC, body weight 200 - 250 g), 
fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co.. Japan). 

Polyethylene tube was inserted into the trachea by incised 
in the corvex to maintain the trachea. Tube, edge of which was 
closed by cotton, was inserted into postnasal space after esophageal 
incision in order to prevent leak of drug solution from the nasal 
cavity to the esophagus. Administration was conducted by pouring 
drug solution 25 #1 prepared in use using micropipette into the 
right naris. Blood sample 200#1 was collected from the femoral 
vein time dependently before and after administration of drug. 
Blood sample was centrifuged (15,000 rpm/10 min. /5°C) and stored at 
-30 °C before analysis. 

QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay 
reagent (Boehringer Mannheim Co., Germany), an EIA of one step 
sandwitch method using 2 types of monoclonal antibody. 
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RESULT 

Insulin solution administered group, control 3 shows almost 
no absorption through the nasal mucosa. Similarly, a solution 
containing insulin and 0.02% isosorbide dinitrate (ISDN) (control 
6) administered group shows almost no absorption. Significant 
increase in absorption of insulin from nasal mucosa was observed 
in the group of the preparation of example 24 added with 
insulin, 0.5% LPC and 0.01% ISDN or 0.01% nitroglycerin and 
the group of the preparation of example 25 added with 0.01 % 
nitroglycerin as compared with that of the prior known conven- 
tional preparation of control 4 containing insulin and 0.5% 
L-a-lysolecithin (LPC). Area under the curve (AUC ; 0 - 2 hr. ) of 
these administered groups increased about 1.7 fold and 1.5 folds, 
respectively, as compared with the administered group of the control 4. 



EXAMPLE 26 

In 1 ml of preparation for transmucosal administration : 

1. r-human insulin 100 units 

2. L- ar-lysolecithin 5 mg 

3. nitroglycerin 0. 1 mg 

4. glycerin 17. 6 mg 

5. benzalkonium chloride 0. 1 mg 

6. D-mannitol 10 mg 

7. hydrochloric acid/sodium hydroxoide 

ad libitum for adjusting to pH 6.0 

8. water for injection total 1 ml 
The preparation containing the above was prepared. The 

solution was filtered aseptically (0.22 /zm membrane filter) and 
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packed aseptically 3 ml thereof in a vial proper to quantitative 
mechanical spray for nasal administration to prepare the product. 
This product contains r-human insulin 100 units/ml and constant 
spray administration of 10 units of human insulin can be performed 
by one pushing on adaptor. 

EFFECT OF THE INVENTION 

A praparation containing physiologically active peptide for 
transmucosal administration of the present invention shows increasing 
effect of absorption from nasal mucosa with using minimum amount 
of absorption promotor without detrimental effect on mucosa. 
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